Supplementary Methods

S1. Algorithm for solving the scINSIGHT model

The complete procedure for solving the scINSIGHT model is given in Algorithm 1. It is derived

with the following major steps.

In the scINSIGHT model, we minimize the objective function L by iteratively solving
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Algorithm 1: The BCD algorithm for the scINSIGHT model

Input : X, € RT", K, K;, MiandXs.

Output: V € RE*" W, € RT"XK“, We € RTH Hy e RY

K]'X’rl

1 Initialize V', Wy, Wy and H; with random nonnegative values.
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while not converged do
fork=1,...,K do
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end
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end
end
end
fork=1,..., K do
B = ||V(k’ )HQ
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/I Adjust all Wy (-, k).
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end
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Consider a minimization problem
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where Gy € RMxN and w, € RMex! (¢ =1,2,..., L). We further denote v” = (v, vs,...,vy) and
Ge = 901, 9e2, - - -, gen]. Since v > 0, we have
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Therefore, the solution of (s1) is
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Replacing R@kv) in (s6) with expression in (s5), we have
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The minimization problem and solution of (s2)

The minimization problem of Wy, (-, k) appears as
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Using a similar approach as above, the solution of (s2) is
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Replacing REZ) in (s7) with expression in (s5), we have
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The minimization problem and solution of (s3)

The minimization problem of W, (k,-) appears as
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Using a similar approach as above, the solution of (s3) is
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Replacing Sy and RékH Vin (s10) with expression in (s8) and (s9), the solution can be rewritten as
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The minimization problem and solution of (s4)

The minimization problem of H;(k, -) appears as
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Consider a minimization problem
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Solving the above problem, that the solution of (s4) can be obtained:
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Replacing Sy and ngH) in (s11) with expression in (s8) and (s9) we have

K
Y e (KXo = (L M)W Hy = W V) W (- k) = 22570 i Sy Hy (K

Hj(k,-) « |H;(k,-) + Je=J my
! ! > g et IWar (- k)l

After we update H;(k,-), we need to calculate the L2 norm of H;(k,-) as o = || H;(k,-)||,, then

normalize it by

and adjust all Wy, (-, k) satisfying j, = 5 by
Wj (,k) — OéWjZ(', k‘) .

After we finish the iteration, we need to calculate the L2 norm of V(k,-) as 8 = ||V (k,-)]|,, then
normalize it by

and adjust all Wy (-, k) by
WZ?('? k) — BWEQ('a k) )

fore=1,2,...,L,k=1,2,... K.
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